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LOCATIONS  AND  DESCRIPTION  OF  BUILDINGS. 


GENERAL  LOCATION  OF  BUILDINGS. 

The  two  buildings  tested  are  located  on  the  Campus  of 
the  University  of  Illinois  in  a  comparatively  isolated  place. 
Parallel  and  north  of  each  building  at  a  distance  of  about  fifty 
feet  is  located  the  Power  Plant  and  Mechanical  Engineering  Lab- 
oratories.    Since  these  buildings  are  only  one  story  in  height 
and  the  buildings  tested  are  four  stories,  the  influence  on  the 
exposure  is  small.    The  only  condition  which  would  influence  the 
exposure  to  any  great  extent  is  the  protection  that  one  of  the 
buildings  tested  would  offer  the  other  from  prevailing  East  and 
West  winds,  but  at  the  time  these  tests  were  made,  there  were  no 
such  winds;  therefore  the  buildings  may  be  considered  equally  ex- 
posed . 

The  shape  and  size  of  the  buildings  can  be  seen  from  the 
floor  plans  and  elevations  which  are  shown  on  pages  34  to  38. 

PHYSICS  BUILDIN6 

In  this  building,  which  has  just  recently  been  completed, 
every  effort  was  made  to  secure  a  structure  which  would  be  modern 
in  all  its  parts.     It  consists  of  the  following  floors: - 
The  basement  where  several  storage  rooms  are  located,  but  other- 
wise used  for  piping  mains  from  which  branches  lead  to  the  upper 


2 


floors,  the  first  floor,  second  floor  and  third  floor  which  are 
devoted  to  lecture  rooms,  recitation  rooms,  offices,  laboratories, 
etc.;  and  an  attic  floor  containing  a  museum,  storage,  and  photo- 
graphers rooms.     In  the  attic,  the  rocf,  which  is  composed  of 
cinder  concrete  slabs  covered  with  slate,  forms  the  ceiling  in 


some  of  the  rooms,  while  in  other  rooms  the  ceiling  is  of  plaster 
hung  or  furred.    All  outside  walls  are  built  of  brick  trimmed 
with  Bedford  Stone.  The  bearing  partitions  are  built  of  brick, 
all  others  are  of  4  inch  hollow  tile.    The  outside  walls  are 
furred  with  2  inch  split  tile  giving  air  space  between  the  bricks 


and  plaster,  which  not  only  serves  as  a  protection  from  dampness, 
but  increases  the  insulating  properties  of  the  wall  and  should 
be  taken  into  account  when  figuring  for  transmission  of  heat. 
The  stone  work  on  outside  walls  is  merely  a  4  inch  veneer  and 
since  the  thickness  of  walls  are  somewhat  greater  on  account  of 
the  projection  of  the  stone;  its  conductivity  for  heat  may  be 
considered  same  as  that  of  main  wall  on  which  the  stone  is  lo- 
cated.   The  fitting  of  window  frames  to  the  brick  wall  is  first 
class  construction,  therefore  there  is  not  much  loss  of  heat  by 
leakage.     All  the  windows  contain  glass  of  single  thickness.  The 
thickness  of  the  various  outside  walls  on  each  floor  is  as  fol- 


lows: - 


Basement  floor 


25  inches 


First  floor 


21 


n 


Second  floor 


17 


n 
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Third  floor 


17  inches 


Attic  floor 


13 


H 


Roof  slab  including  slate----  6  ■ 

Ceiling  height  on  each  floor  is  14  feet  in  clear. 

The  average  thickness  of  these  walls  not  considering 
that  of  the  basement,  may  be  taken  as  17  inches. 

About  10  feet  from  the  main  building  is  located  a  sep- 
arate building,  containing  the  tempering  room,  fan  room  and  a 
large  8hop  room,  sizes  of  which  are  given  in  table  number  five 
page  sixty.     Since  the  shop  is  heated  by  the  same  heating  system 
as  the  main  building  the  construction  of  it  should  be  mentioned, 
which  is  the  same  as  that  of  the  main  building  except  the  roof 
which  is  flat  and  covered  by  a  composition  of  tar  and  gravel. 


HEATING  SYSTEM. 

As  already  stated  the  scheme  of  heating  is  one  of  the 


to  class  rooms,  halls,  and  corridors  by  means  of  direct  radiation, 


most  of  the  radiators  being  of  the  two  column  type,  several  four 
column;  all  of  which  range  from  32  inches  in  height  to  38  inches 
in  height.    The  direct  radiation  is  designed  to  take  care  of  heat 
loss  due  to  exposed  walls,  exposed  glass,  and  leakage.     It  is 
designed  to  keep  the  inside  air  at  70  degrees  F.  when  the  out- 
side air  is  at  a  temperature  of- 10  degrees  F. 


most  modern  and  is  as  follows: - 


All  heat  is  supplied 
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The  large  and  small  lecture  rooms  are  provided  with 
enough  direct  radiation  to  give  a  temperature  of  60  degrees  F. 
in-10  degrees  F.  weather,  the  other  10  degrees  is  supplied  "by 
the  ventilation  system  for  which  the  air  is  heated  to  85  de- 
grees F. 

The  skylights  are  surrounded  by  1  l/4  inch  pipe  radi- 
ator coils. 

The  particular  system  of  circulation  for  heating  is  the 
two  pipe  Vacuum  Automatic  System,  installed  by  the  Illinois  En- 
gineering Company  of  Chicago  with  the  Powers  Regulating  Compan- 
ie's  automatic  regulation,  and  a  general  description  of  this 
system  is  as  follows:-  A  medium  pressure  steam  main  carry 

ing  15  pounds  is  brought  in  from  a  tunnel.    From  this  point  a 
six  inch  main  branches  supplying  steam  to  the  blower  coils  under 
15  pounds  pressure.     In  the  fan  room  there  is  a  reducing  valve 
which  reduces  the  steam  to  desired  pressure;  and  then  it  is  sup- 
plied to  the  coils.    Above  the  6  inch  main,  an  8  inch  header  is 
extended  and  from  this  two  5  inch  valved  mains  are  taken  off  to 
supply  steam  for  direct  radiation.  Each  branch  is  provided  with 
a  reducing  pressure  valve.    These  mains  are  extended  to  supply 
all  radiation  as  shown  on  heating  plan, 

A  by-pass  around  the  reducing  valves  is  provided,  so  if 
it  ever  becomes  necessary,  the  system  can  be  run  under  high  pres 
sure. 

The  Seminary  room,  the  First  and  Second  floors,  Private 
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offices  and  the  South  East  Corner  laboratory  on  Second  floor  are 
provided  with  separate  steam  mains  which  in  turn  are  provided  with 
reducing  valve,  by-pass  and  pop-valves. 

The  water  of  condensation  is  returned  by  separate  re- 
turn pipe  connected  to  a  vacuum  pump  located  in  basement.  On 
each  radiator  is  an  automatic  return  valve  at  the  return  end  and 
at  the  other  end,  a  diaphragm  valve,  is  provided  operated  by  com- 
pressed air  to  regulate  the  entering-  steam.    From  the  pump  all 
condensation  is  returned  to  Power  House. 

All  steam  is  supplied  from  the  University  power  plant 
which  is  located  about  300  feet  away.    All  steam  supplies  and 
return  mains  enter  the  building  from  a  tunnel.    All  mains  and 
returns  are  provided  with  valves  so  that  they  may  be  segregated 
in  case  of  accident. 

Fresh  air  is  supplied  to  class  rooms,  laboratories,  etc., 
at  a  temperature  of  70  degrees  F.  through  registers  placed  near 
the  ceiling;  the  amount  admitted  to  each  class  room  being  ad- 
justed so  that  each  pupil  will  be  provided  with  30  cubic  feet 
of  air  per  minute.    Vent  registers  from  the  class  rooms, 

laboratories  etc.,  are  placed  near  the  floor  and  the  flues  to 
which  they  are  connected  are  carried  to  horizontal  mains  in 
attic  which  are  connected  to  ventilators  on  the  roof.     The  fresh 
air  is  positively  supplied  by  means  of  a  fan  and  the  foul  air 
is  removed  by  the  natural  draft  effect  of  the  vent  flues  plus 
the  pressure  set  up  in  the  class  rooms. 

Fresh  air  for  the  ventilating  system  is  taken  from  large 
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opening  in  wall  located  about  10  feet  above  the  ground,  this  open- 
ing is  covered  only  by  wire  netting  which  I  might  say  here  is  a 
probable  defect  in  the  system,  the  air  not  being  filtfcered  or 
washed.    But  since  the  air  is  comparat ivel3rpure,more  than  that 
of  the  city  it  may  not  be  such  a  great  defect.    The  tempering 
coils  in  tempering  room  are  made  up  of  476  square  feet  of  Vento 
cast  iron  radiators^and  632.3  square  feet  of  radiation  made  up 
of  wrought  iron  piping,  through  which  the  air  is  drawn  and  is 
tempered  to  60  degrees  F.     On  each  set  of  coils  is  a  diaphram 
valve  opened  and  closed  byfefchermostat  located  in  the  room.  In 
the  small  fan  the  reheating  coils  consists  of  554.1  square  feet 
of  heating  surface  and  in  the  large  fan  there  is  693,5  square 
feet  of  heating  surface.    The  small  fan  supplies  air  to  small 

and  large  lecture  rooms  at  a  temperature  of  85  degrees  F.  while 

ing 

the  air  of  large  fan  supply  recitation  rooms,  etc.  is  heated  to 
70  degrees  F.  the  temperature  being  regulated  by  a  thermostat 
in  the  duct . 

Before  going  any  farther,  it  might  be  well  to  describe 
an  Automatic  Regulating  Device  which  is  as  follows: - 

There  are  several  satisfactory  and  practical  systems  of 
automatic  regulation.    Compressed  air  is  used  as  a  motive  force 
in  nearly  all  of  them.    The  air  may  be  compressed  by  an  electric 
or  steam  pump,  by  compressor,  belted  or  geared  to  the  other 
machinery  or  by  a  small  hydraulic  pump.    All  of  these  devices 
are  in  common  use  and  all  may  be  provided  with  automatic  gover- 
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ners  which  throw  the  pumps  out  of  service  when  the  air  pressure 
drops . 

The  standard  system  of  automatic  regulation  operates  as 
follows:-  Prom  a  central  air  tank  small  pipes  lead  to 

each  room  and  then  to  each  radiator  or  damper  to  be  controlled. 
In  each  of  these  rooms  is  located  a  small  valve  called  a  thermo- 
stat, which  opens  automatically  and  permits  the  air  to  pass  "by 
and  close  the  radiator  valve  or  hot  air  damper,  as  the  case  may 
he.    When  the  t ejfmperature  in  the  room  rises  above  the  desired 
point,     the  valves  and  dampers  are  provided  with  springs  or 
counter  weights  so  when  compressed  air  is  admitted  to  them  the 
heat  is  always  turned  on,  this  is  provided  so  that,  should  the 
regulation  be  inoperative  there  would  be  merely  the  possibility 
of  an  excess  temperature.    These  systems  of  automatic  regulation 
are  mere  devices  to  shut  off  the  heat  when  same  is  not  needed, 
and  therein  lies  a  money  saving  virtue. 

The  particular  system  that  is  usr?d  in  the  Physics  Build- 
ing is  the  Powers  System, which  is  operated  by  compressed  air. 
A  30  gallon  reservoir  is  located  in  the  cold  air  intake  so  that 
the  moisture  in  the  air  may  be  taken  out  at  this  point  by  the 
cooling  process.    From  the  tank    riser  mains,  to  various  thermo- 
stats, are  connected.    The  piping  is  run  so  that  it  is  well  drain- 
ed, and  drip  pockets  located  where  necessary. 

PANS 

A  150  inch  steel  plate  three  quarter  housed  fan  with 
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"bottom  horizontal  discharge  is  installed  for  large  buildings  in 
general.  For  small  &  large  rooms  a  120  inch  steel  plate  three 
quarter  housed  with  top  horizontal  discharge  is  used.    The  150 
inch  fan  is  capable  of  delivering  constantly  30000  cubic  feet  of 
air  per  minute.    The  120  inch  fan  is  capable  of  delivering  con- 
stantly 15000  cubic  feet  of  air  per  minute  while  operating  at  not 
more  than  175  revelutions  per  minute. 

In  order  that  there  may  be  no  unnecessary  loss  of  heat 
from  the  building  at  night  when  the  ventilating  system  is  not  in 
use,  there  are  shut-off  dampers  placed  in  the  risers  to  the  venti- 
lators on  the  roof.    The  dampers  are  opened  or  closed  at  the  will 
of  the  operator  by  means  of  a  pneumatic  switch  placed  at  a  con- 
venient point  on  the  first  floor. 

ENGINEERING  BUILDING. 

This  building  is  located  within  60  feet  to  the  West  of 
Physics  building,  and  has  about  the  same  exposure  as  that  of  the 
Physics  building  excepting  in  case  of  West  winds,  when 
the  Engineering  building  receives  the  direct  exposure  and  pro- 
tects the  West  side  of  Physics  building,  which  can  be  clearly 
seen  from  plan  on  page   34      .    The  building  has  four  floors  and 
a  sub-basement.    On  first,  second,  third  and  fourth  floor  are 
located  offices,  lecture  rooms,  recitation  rooms,  drawing  rooms, 
laboratories  and  toilets  for  the  various  departments  of  engineer- 
ing.    Sub-basement  is  used  only  for  installation  of  steam  mains 
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etc.    From  the  plans  and  elevation  the  reader  can  get  a  better 
description  of  the  building  than  is  possible  to   convey  in 
words. 

In  about  one  half  of  the  rooms  on  the  upper  floor,  the 
ceiling  is  formed  by  the  roof  itself.    While  the  other  part  has 
plastered  ceiling  exposed  to  attic  which  might  be  considered 
warm  due  to  the  overhead  steam  mains ,        The  roof  has  a  great 
deal  of  skylight  area  in  it,  supplying  light  to  the  hall,  draft- 
ing room,  and  a  few  offices. 

The  building  is  not  of  fireproof  construction  as  the 
Physics  building.    The  rocf  is  made  up  of  rafters,  purlins, 
sheathing  and  slate.    All  floors  are  constructed  of  wooden  joist 
to  which  is  attached  the  plastered  ceiling  and  wooden  floors. 

The  walls  of  the  second,  third  and  fourth  floors  are 
25  inches  thick,  while  that  of  the  basement  and  first  floor  in- 
cluding measurments  over  the  stone  is  32  inches  thick.    In  con- 
sidering the  thickness  for  heating  calculation  we  might  use  the 
wall  as  25  inches  instead  of  32  inches  because  the  stone  is  a 
better  conductor  for  heat  than  the  solid  brick  wall.    All  out- 
side walls  are  plastered  on  wooden  lathes  furred  out  from  the 
brick.    This  of  course,  leaves  a  dead  air  space  and  not  only 
prevents  the  dampness  going  through  but  makes  the  wall  a  better 
insulater  for  heat. 

The  construction  of  brick  openings,  window  frames,  etc0, 
may  come  under  the  same  type  of  constructing  as  that  of  the 
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Physics  building. 

The  Heating  system  was  designed  "by  the  Architect,  0.  W. 
Bullard,  and  installed  by  Maltby  and  Wallace  Company  of  Champaign, 
Illinois.    The  original  system  has  under-gone  a  considerable 
number  of  changes  until  the  present  one  has  been  developed,  which 
is  me relyp direct  system  of  heating  from  both  cast  iron,  and  wrought 

A 

iron  pipe,  radiators.    The  system  of  steam  piping  used  is  what  is 
known  as  the  Mills  Overhead  System.    The  steam,  which  is  deliver- 
ed into  the  sub-basement  of  the  building  at  about  40  pounds 
pressure,  is  passed  through  an  8  inch  Davis  reducing  pressure 
valve  and  the  pressure  reduced  to  one  to  five  pounds,  as  the  ex- 
ternal temperature  demands.    The  steam,  after  passing  the  reduc- 
ing valve,  is  carried  through  an  8  inch  main  to  the  attic  of  the 
building,  where  it  divides  into  three  equal  branches  4  l/2  inches 
in  diameter,  and  is  thus  distributed  to  the  three  wings  of  the 
building.    The  overhead  mains  in  the  attic  are  covered  with  as- 
bestos fire  proof  covering.    From  the  mains  run  the  smaller  mains 
to  the  sides  of  the  building  and  then  drop  to  the  sub-basement 
in  straight  runs.    From  these  risers  single  connections  are  made 
to  each  of  the  radiators.    Liberal  provision  is  made  for  expan- 
sion of  all  pipes  and  connections. 

In  the  original  system  most  of  the  radiators  were  in- 
stalled as  indirect  and  were  placed  under  the  windows  and  in  a 
recess  left  for  them  in  the  brickwork.    The  air  supply  came 
through  openings  in  a  cast  iron  plate, which  forms  the  lintel  of 
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the  window  below,  passing  up  to  the  radiator  through  a  space  left 
for  It  in  the  wall.    Provision  was  made  to  induce  a  flow  of  air 
through  the  radiators  by  ventilating  shafts  distributed  through- 
out the  building.    These  shafts  were  of  two  kinds;  one  heated 
by  pipe  coils  extending  from  the  top  to  the  bottom  floor,  and  the 
other  was  arranged  to  be  connected  to  an  exhaust  fan  placed  in 
the  basement  of  the  building. 

As  the  heating  system  is  at  present,  a.13  the  indirect 
radiators  have  been  made  direct  by  taking  out  the  registers  and 
closing  the  openings  to  the  outside  air.    The  radiators  were  left 
in  the  recesses  of  the  walls.    Due  to  these  recesses  at  present 
the  circulation  of  air  around  the  radiating  surface  is  not  as 
good  as  it  wculd  be  if  the  radiator  was  placed  cut  in  the  room. 
The  ventilating  system  was  never  adequate  and  no  exhaust  fans 
were  ever  installed.    The  changing  of  the  indirect  radiators  cut 
off  al3  air  supply  and  the  only  ventilation  now  obtained  is  due 

to  the  natural  draft  in  the  vent  flues.    All  valves  for  supplying 

there  being 

steam  to  radiators  are  hand  controlled, A  no  automatic  regulation 
at  all  in  building.    When  the  rooms  get  too  warm,  windows  are 
raised  and  an  immense  amount  of  heat  is  lost.     In  many  cases 
probably  the  radiator  is  shut  off.    When  this  is  done  there  will 
be  no  losses.    But  such  a  system  as  this  will  alwa.ys  produce 
varying  temperatures  infejrocm  which  is  very  disagreeable  to  occu- 
pants. 
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REPORT  OF  TESTS 

PURPOSE  0?  TESTS. 

In  undertaking  this  investigation  the  main  purpose  was 
to  test  the  two  systems  of  heating  in  such  a  way  that  such  data 
may  he  secured  to  make  a  comparison  of  each  system,  as  to  cost, 
manipulation,  constant  temperature  produced,  effiency  etc.  In 
test  number  5  the  purpose  was  to  find  the  amount  of  heat  that 
may  be  radiated  only  by  the  piping  system. 

In  order  to  determine  the  above-mentioned  data,  the  fol- 
lowing had  to  be  made  in  the  test:* 

Weight  of  condensed  steem. 

Temperature  of  the  condensed  steam. 

Temperature  of  Rooms. 

Temperature  of  Outside  air. 

Steam  pressure  in  msins. 

Quality  of  Steam. 

Vacuum  readings. 

In  order  tc  determine  the  final  results  other  data 
necessary  is  as  follows: - 
Exposure. 

Amount  of  radiation  in  building  including  type,  kind, 
height,  sections,  number  of  columns,  location  etc. 
Amount  of  exposed  glass  in  building. 
Amount  of  exposed  wall  in  building 
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Amount  of  exposed  roof  in  building 
Amount  of  exposed  skylight  in  building 
Amount  of  exposed  floor  in  building. 

Thickness  of  walls  and  material  of  which  it  is  made,  kind 
of  glass  etc. 

PREPARATION  FOR  TEST 

lEIt3HING  THE  CONDENSATION  OF  STEAM:  - 

To  weigh  the  condensation  from  the  returns;  the  first 

requirement  was  to  connect  to  return  main  a  pipe  from  which  ran 

two  brartches  to  a  convenient  place  where  the  water  could  empty 

into  tanks  that  were  placed  on  scales.    At  the  turn  of  each  branch 

pipe  was  provided  a  tee  instead  of  an  elbow.     In  one  end  of  this 

accurate 

tee  was  inserted  a  brass  temperature  well,  deep  enough  so  an 
temperature  of  the  water  flowing  through  the  pipe  could  be  had. 
This  well  was  filled  with  oil  in  which  a  thermometer  was  placed 
that  read  over  250°  F.    Both  return  pipes  of  each  systeir  were 
fixed  in  this  way.     In  the  Engineering  building  the  water  was 
returned  by  three  traps, while  in  the  Physics  building  the  water 
was  returned  by  a  vacuum  pump. 

In  order  tc  weigh  the  condensation  from  both  buildings 
4  pair  of  scales  and  4  tanks  were  necessary;  two  of  each 
at  the  return  main  of  each  building.    The  reason  for  usfing  the 
two  pair  of  scales  for  each  return  main  was  on  account  of  weigh- 
ing and  emptying  the  water  of  each  tank.        While  one  tank  was 
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being  weighed,  and  weight  recorded,  emptied  etc.,  the  other  tank 
would  he  filling.     In  order  to  weigh  the  steam  that  was  liable 
to  flow  through  the  return  or  the  water  evaporating  into  steam 
again  due  from  release  of  pressure,  cold  water  was  put  in  each 
tank  about  one  fifth  full.     This  would  condense  the  steam  and  in 
this  way  no  shortage  of  weight  was  allowed. 

TEMPERATURE  O?  BUILDINGS. 

In  order  tc  get  the  temperature  cf  the  buildings  ther- 
mometers were  placed  over  different  parts  of  each. 

In  the  Engineering  building  three  themcmfcters  were  put 
on  each  floor,  well  distributed  over  it  in  different  rocms  so 
that  a  good  average  temperature  cf  the  building  could  be  had.  On 
all  four  floors  themorre  cers  were  placed  in  this  way.     In  placing 
them  in  rooms,  particular  care  was  exercised  in  order  to  get  the 
themometers  located  so  as  to  give  a  good  average  temperature  of 
the  room. 

In  the  Physics  building  a  themometer  was  in  every  room 
on  each  thermostat  which  was  located  on  an  inside  wall  not  ex- 
posed to  outside  air.     Since  this  building  was  automatically 
regulated  it  was  not  necessary  to  read  all  the  themometers  but 
read  only  four,  distributed  over  each  floor  so  as  to  give  a 
fair  average  temperature  which  is  a  little  fairer  than  that  of 
Engineering  building  where  only  three  were  used  on  each  floor. 
All  themometers  were  tested  by  comparing  a  standard  with  each. 
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It  was  found  that  none  of  them  varied  more  than  a  half  degree, 
some  reading  low    and    others  reading  high. 

OUTSIDE  TEMPERA  TUBES 

The  outside  temperatures  were  recorded  by  a  Bristol's 
Recording  Themometer  in  Mechanical  Engineering  laboratory  located 
near  the  buildings  being  tested.    In  this  way  a  record  of  the 
outside  temperatures  may  be  had  for  any  time  of  the  day.  This 
themometer  was  located  about  midway  of  the  south  wall  of  Mechanical 
laboratory  where  a  good,  fair  temperature  of  the  outside  air 
could  be  measured. 

PRESSURE  IN  STEAM  MAINS 

In  order  to  determine  the  temperature  of  the  entering 
steam, the  pressure  of  same  must  be  observed  at  different  times 
during  the  test.    In  the  Physics  building  a  steam  gauge  was  al- 
ready provided  on  the  reading  board.     In  the  Engineering  build- 
ing a  tap  in  the  steam  main  was  made  and  a  steam  gauge  attached. 
Both  gauges  were  calibrated  and  found  to  correspond  with  the 
Standard.    Both  were  placed  in  a  conspicious  place  so  they  could 
be  read  with  as  little  trouble  as  possible. 

VACUUM  READING 

The  only  vacuum  reading  necessary  was  in  the  Physics 
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building.    No  provision  had  to  be  made  for  a  gauge.     On  the  read- 
ing board  near  the  pressure  gauge  was  located  one.  Considering 
this  reading  of  very  little  importance  nc  calibration  was  made. 
Since  the  system  in  the  Engineering  building  is  a  gravity  system 
no  vacuum  reading  was  required. 

MOISTURE  II  STEAM 

The  moisture  in  steam  was  observed  in  order  to  get  the 
exact  amount  of  heat  in  the  steam.    The  amount  of  moisture  was 
determined  by  the  use  of  a  Carpenter's  separating  calorimeter 
attached  to  the  pipe  to  which  the  pressure  gauge  was  attached. 
A  mistake  was  made  here  by  the  use  of  a  Carpenter's  separating 
calorimeter  instead  of  a  Throttling  calorimeter.    The  steam  be- 
ing rather  dry  at  times  no  reading  could  possibly  be  made  with 
the  one  used  because  it  should  be  used  only  when  the  steam  is 
very  moist.    To  bring  back  tc  the  readers  mind  the  principle  by 
which  the  separating  calorimeter  works;  it  might  be  well 

to  explain  its  working  principal  which  is  as  follows:-  The 
instrument  is  virtually  a  steam  separator  and  mechanically  sepa- 
rates the  moisture  from  the  sample  of  steam.    The  water  thus 
separated  collects  in  a  reservoir  provided  with  gauge  glass  and 
graduated  scale,  while  the  dry  steam  passes  through  an  orifice 
to  the  atmosphere.    The  weight  of  dry  steam  per  unit  of  time  is 
indicated  on  the  gauge,  calculated  by  Napier's  rule,  or  may  be 
determined  by  condensing  and  weighing.    The  latter  method  being 
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used  in  these  tests.    The  accuracy  of  the  moisture  determination 
is  greatly  affected  by  the  difficulty  of  obtaining  true  samples 
of  steam  containing  large  percentages  of  moisture. 

In  order  to  get  a  gocd  sample  of  steam  the  standard 
sampling  tube,  adopted  by  American  Society  of  Mechanical  Engin- 
eers, was  used. 

RADIATING  SURFACE  II  BUILDINGS 

At  first  a  method  for  getting  the  square  feet  of  radi- 
ating surface  in  building  was  by  the  use  of  the  building  working 
plans,  but  checking  a  few  measured  radiators  with  those  on  plans 
of  building.    They  did  not  check  very  close,  so  it  was  finally 
decided  to  go  through  each  building  get  a  record  of  the  actual 
amount  of  radiation  in  every  room  and  coridor. 

In  the  Physics  building  the  type,  height,  number  of 
columns  and  number  of  sections  were  recorded,     since  the  cast 
iron  radiators  generally  have  the  correct  amount  of  radiation 
listed  in  catalogues.    This  was  used  in  determining  the  amount 
of  radiating  surface. 

In  the  Engineering  building  there  were  two  kinds  of 
radiators,  cast  iron,  and  wrought  iron  made  of  one  inch  piping 
screwed  in  a  common  header  at  each  end.    The  same  method  was  used 
as  that  of  the  Physics  building  except,  instead  of  using  the 
catalogue  rating  for  the  wrought  iron  radiators,  the  surface  was 
actually  measured,  which  was  found  to  be  less  than  the  rated 
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surface.     It  is  generally  understood  that  wrought  iron  pipe 
radiators  are  generally  over  rated  while  those  of  cast  iror  are  not 
so  much. 

For  future  reference  I  have  inserted  the  tables  showing 
the  type,  height,  etc.,  of  radiators  in  the  various  rooms  on 
each  floor  of  each  building. 

In  getting  the  square  feet  of  radiating  surface  due 
to  exposed  and  covered  piping  it  is  rather  indeterminate,  and 
would  require  a  great  deal  of  time  and  paiif^akirg  to  measure  it. 
Mr.  Morrow,  Superintendent  of  Buildings,  has  given  an  amount  of 
pipe  surface  in  the  Engineering  building  measure  by  some  of  his 
men,  but  since  some  of  the  piping  is  covered  and  part  not  cover- 
ed and  not  knowing  the  amount  of  each,  we  have  gained  but  very 
little  information  that  would  be  of  any  value. 

In  the  Physics  building  the  piping  is  all  covered  with 
an  asbestos  covering.     As  to  the  amount  cf  this  piping  it  has 
never  been  measured. 

A  very  interesting  test,  number  5,  was  made  on  the  pip- 
ing system  of  the  Physics  building  with  all  radiators  off,  re- 
sults of  which  will  be  shown  later.     In  this  way  an  equivelant 
amount  of  radiating  surface  was  figured  and  used  in  final  re- 
sults. 

The  amount  of  direct  radiation  in  each  building  is  as 

follows:- 
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Engineering  Building. 


Radiators 


9441  square  feet 


Piping 


1558 


N 


Total 


10999 


Physics  Building 


Radiators----'-'------  —  -9648  square  feet. 


From  these  figures  can  be  compared  the  radiating  surface 


of  one  building  with  that  of  ethers.    The  Physics  builoing  con- 
tains only  207  square  feet  more  than  the  Engineering  building. 
If  we  should  consider  the  bare  piping  that  is  exposed  in  the 
Engineering  building  with  that  cf  the  Physics  building  it  would 
be  safe  to  assume  the  radiation  in  each  building  about  the  same. 


WALL  SURFACE  EXPOSED 

The  amount  of  wall  exposed  was  calculated  by  room 
measurement,  length  being  clear  distance  between  walls.  With 
the  length  given  and  the  height,  the  total  exposed  wall  includ- 
ing glass  was  calculated.    The  wall  area  minus  the  glass  area 
is  equal  to  the  net  exposed  wall.    The  total  net  wall  of  each 


building  including  roof  area  is  as  follows: - 


Engineering  building  --29045  square  feet 


Physics  building 


--31585 


N 


N 
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GLASS  SURFACE 

The  glass  surface  is  measured  "by  width  and  height  of 
brick  cpenirg.    The  amount  of  glass  in  each  building  including 
skylight  is  as  follows: - 

Engineering  building  --10676  square  feet 

Physics  building   9386      "  " 

CUBIC  CONTENTS 

Cubic  contents  were  figured  as  clear  space  in  room,  as 
recorded  in  tables  on  pages    56-63  .    To  get  the  total  cubic 

contents  of  each  building  all  room  contents  were  added  and  are 
as  follows: - 

Engineering  building-—  ~- 778110  cubic  feet 
Physics  building  --849554      "  " 

RUNNING  OP  TESTS 

In  order  to  get  fair  comparative  results  of  the  two 
kinds  of  heating  systems  they  were  run  at  the  same  time  and 
under  the  same  conditions.    There  were  three  tests  attempted  in 
order  to  make  the  comparison,  but  the  first  one  of  seven  hours 
run,  Jan.  18,  1910,  was  spoiled  by  carelessness.    The  steam 
main  of  the  central  wing  of  the  Engineering  building  filled  up 
by     condensation    and  was  not  noticed  until  several  hours  after 
the  test  began.      The  cause  of  this  trouble  was  due  to  one  of 
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the  return  valves  not  being  opened  to  drain  pipe.    The  results 
of  the  test  on  Engineering  building  were  not  worked  up,  but,  that 
of  the  Physics  building  was,  and  recorded  in  final  tables,  page  32. 
In  this  test  the  coils  of  the  fan  were  on  from  11  A.  M.  to  12 
A.  M. 

TEST  NO.  I. 

The  second  test,  a  comparative  one,  proved  to  be  very 
satisfactory  in  every  way,  and  was  made  Jan.  19,  1910,  day  follow- 
ing first  test,  the  average  temperature  of  outside  air  being 
42.3°  P.    At  the  beginning  the  outside  air  was  25°  F.  and  at  end 
of  test  it  reached  48°  P.    This  test  was  run  for  eight  hours, 
the  longest  test  made  of  the  series.    The  sun  was  shinning  most 
of  the  day  and  a  strong  wind  from  the  north  was  in  action  most 
of  the  time. 

TEST  NO.  II. 

This,  a  comparative  test,  was  made  February  12,  1910. 
The  duration  of  this  test  was  seven  hours  and  it  was  quite  suc- 
cessful.   Everything  ran  very  smoothly  all  during  the  time.  At 
the  beginning  the  outside  air  was  at  a  temperature  of  17°  P.  and 
ended  with  a  temperature  of  20°  P.  average  for  the  day  being 
20°  F .     This  test  proved  to  be  the  most  important  because  the 
outside  air  was  at  its  lowest.    At  a  low  temperature  of  the  out- 
side air  the  effiency  of  the  two  systems  will  compare  closer 
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than  it  will  at  a  higher  temperature.  This  is  probably  due  to 
overheating  of  rooms,  and  escape  of  heat  due  to  raised  'windows 
which  would  be  practiced  in  the  Engineering  building. 

All  the  above  tests  No.  1  and  2  were  made  for  comparison 
of  the  two  heating  systems.     In  order  that  the  conditions  might 
be  made  as  near  eiual  as  possible,  the  fan  coils  of  Physics  build- 
ing were  not  used  at  all  during  these  tests. 

TEST  MO.  III. 

This  test  was  made  on  the  Physics  building  February 
18,  1910  with  fan  coils  in  operation.     It  was  run  for  purpose 
of  finding  the  extra  amount  of  power  required  to  use  the  fan 
coils.     This  test  was  made  under  very  favorable  conditions, 
everything  ran  very  nicely  during  the  seven  hours  time.  The 
temperature  of  outside  air  at  beginning  of  test  being  7°    F.  and 
at  the  end  15°  P.  averaging  for  day  17°  F.;  the  temperature  be- 
ing very  satisfactory.     It  was  probably  one  of  the  coldest  days 
of  the  season. 

TEST  NO.  V. 

Test  No.  5  was  a  two  hour  test  made  on  the  piping  system 
alone.     It  was  made  at  night  during  a  time  when  the  building  was 
not  in  use.    All  radiator  diaphragm  valves  were  closed  by  turning 
the  themostat  regulating  hand  back  to  50°,     This,  of  course,  cut 
the  steam  off  until  the  temperature  in  room  reached  50°  F.  which 
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was  produced  after  closing  the  steam  off  of  radiators  for  two 
hours.    This  test  proved  to  be  very  interesting.    The  temperature 
in  "building  at  beginning  of  test  was  about  70  degrees  F.  and  at 
end  about  50  degrees  P.     The  gradual  droppingof  temperature  in 
the  building  had  some  effect  on  the  amount  of  condensations  from 
deginning  to  end,  but  not  so  much  as  anyone  might    imagine.  The 
outside  temperature  averaged  10  degrees  F.     The  purpose  of  run- 
ning this  test  was  to  obtain  some  idea  of  the  amount  of  heat 
radiated  from  the  piping  of  a  heating  system. 

THE  PROCEDURE  OF  TESTS 

WEIGHING  OF  WATER. 

All  necessary  aparatus  was  put  in  place  as  explained 
under  the  head  of  preparation  for  tests.     A  log  sheet  was  pre- 
pared on  which  was  recorded  the  time,  weight  of  condensed  steam 
temperature  of  same,  steam  pressure,  and  vacuum  reading.  The 
readings  were  taken  at  the  filling  of  each  tank  which  varied,  the 
length  of  periods    depending  on  the  amount  of  condensations  flow- 
ing from  radiators  in  the  building.    Care  and  acuracy  were  practi- 
ced during  all  tests.     In  the  tables  of  data  the  readings  are  re- 
corded as  they  were  during  the  test.     It  required  two  men  work- 
ing very  steady  to  weigh  the  condensations  and  record  the  weights 
etc . 
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TEMPERATURES  AND  OBSERVATIONS  IN  BUILDINGS 

The  temperatures  of  the  various  rooms  in  each  building 
were  recorded  about  every  hour  during  the  test.     It  required  one 
man  to  take  these  temperatures.    During  his  rounds  the  radiators 
were  watched  to  see  about  what  part  of  radiating  surface  was  on, 
and  whether  the  windows  were  open  or  closed, 

PHYSICS  BUILDING 

In  this  building  no  windows  were  seen  open,  and  at  most 
of  the  observations/it  seemed  that  very  little  radiating  surface 
was  used,  especially  during  the  warm  day  tests.     Since  there 
were  no  windows  open  and  nc  ventilation  in  use  during  the  first 
three  tests  the  results  will  be  used  to  determine  the  probable 
leakage  in  a  building.    Most  authors  claim  this  leakage  to  be 
about  one  to  two  changes  of  air  per  hour  depending  on  the  con- 
struction of  buildings. 

ENGINEERING  BUILDING 

In  the  Engineering  building  it  might  be  estimated  that 
only  about  one  half  of  radiating  surface  was  on  at  times  due 
mostly  to  air  bounded  which  was  caused  by  the  air  valves  not  being 
inworking  order.    At  times  the  radiators  were  closed  by  students. 
Windows  were  found  open  in  many  instances  where  the  room  became 
excessively  heated.     In  all  probability  if  the  system  in  the 
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Engineering  building  had  been  in  good  working  order  so  no  radi- 
ation could  have  been  cut  out  due  to  air  bounding  the  results 
would  have  shown  much  more  heat  used.     The  reason  for  making  this 
statement  is;  had  all  radiators  been    in  good  working  order  there 
would  have  been  no re  radiating  surface  thereby  giving  off  more 
heat.    Working  under  ordinary  conditions  the  windows  would  be 
opened  by  students  rather  than  cut  the  steam  off  from  the  radi- 
ators thereby  losing  an    excessive  amount  of  heat. 

MOISTURE  IE  STEAM 

As  stated  before  a  Carpenter's  separating  calorimeter 
was  used  on  all  tests  to  determine  the  moisture  in  the  steam. 
An  attempt  to  take  readings  about  every  hour  was  made,  but  the 
attempt  was  unsuccessful.     In  some  tests  the  readings  were  made 
while  in  others  they  were  not,  due  probably  to  the  steam  being  so 
dry  at  times  that  this  kind  of  colorimeter  was  not  sufficiently 
accurate  to  determine  the  per  cent  moisture.    As  has  al- 

ready been  stated  a  Carpenter's   separating  calorimeter  can 

be  used  only  when  steam  is  excessively  wet.     In  this  case  a 
thot tleing  calorimeter  should  have  been  used. 

OUTSIDE  TEMPERATURES 

At  the  beginning  of  the  tests  the  recording  thermometer 
in  the  Mechanical  Engineering  laboratory  was  started.    At  the  end 
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of  the  day  the  cards  were  taken  out  and  dated.    This  method  of 
getting  the  temperature  is  probably  the  best  and  requires  less 
trouble.     It  was  observed  now  and  then  during  the  test  to  see  if 
the  clock  was  running. 

RESULTS  OP  TESTS 

A  table  has  been  prepared  showing  in  a  reduced  form  the 
data  taken  during  the  tests  and  also the  results.    This  table  will 
be  used  to  calculate  the  1  Allowing  results,  most  of  which  has 
been  recorded  in  the  table  so  a  comparison  can  be  made  very  con- 
veniently . For  the  reader  who  is  probably  interested  in  the  amount 
of  water  used  at  different  times  of  the  day  curves  have  been 
platted  showing  the  variation. 

HORSE  POWER  REQUIRED 

The  horse  power  required  per  hour  during  each  test  is 
shown  in  table  of  results.     This  horse  power  is  calculated  by 
dividing  the  equivelant  condensations  per  hour  by  34  l/2.  The 
required  amount  per  hour  per  degree  difference  of  temperature 
of  inside  and  outside  air  wculd  be  the  horse  power  per  hour  di- 
vided by  the  difference  in  temperature  during  each  test.  These 
results  vary  somewhat,  more  than  might  be  expected,  the  cause 
is  due  probably  to  the  conditions  of  the  atmosphere,  temperatures 
etc . 

-II 
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CHANGE  OF  AIR  IN  BUILDING 

The  changes  of  air  in  a  building  is  an  important  factor 
to  consider.    A  great  deal  of  heat  is  required  to  heat  a  large 
quanity  of  air.    The  changes  are  always  caused  by  leakage  through 
the  material,  crevices  and  cracks  in  walls  and  windows,  opening 
of  doors,  windows  etc.     In  the  table  of  results  can  be  noticed 
the  excessive  amount  of  heat  required  for  Engineering  building 
compared  to  that  required  for  Physics  building.    It  certainly  can- 
not  be  caused  by  the  difference  in  exposure  and  size  of  building 
but  was  caused  by  the  leakage  and  the  opening  of  windows  etc.,  in 
order  to  keep  the  temperature  comfortable.    This  produced  a  number 
more  changes  of  air  than  was  necessary. 

Take  test  No.  1  for  example— The  heat  loss  through  the 

walls  of  Engineering  Building  allowing  1.2  B.t.u.  loss  through 

glass  per  hour  per  degree  difference  in  temperature  of  outside 

and  inside  air,  is  equal  to  537500  B.t.u.  per  hour.     The  amount 

of  heat  actually  used  was  3314613  B.t.u.  a  difference  of  2777118 

B.t.u.  which  was  used  to  heat  air  that  produced  the  changes.  To 

calculate  the  number  of  changes  that  tookf)lace  would  be  as  follows: 

The  amount  of  heat  required  to  warm  the  air  of  one 
9^  x  778110 

change  equals  ~"  2£i —  -  4371563  B.t.u.     (30,9  equals 

55 

difference  between  inside  and  outside  air.     778110  equals  cubic 
contents  of  building.     55  equals  the  number  of  cubic  feet  of  air 
1  B.t.u.  will  raise  1°  F.  per  hour)     2777118  B.t.u.  divided  by 
436500  B.t.u.  equals  6.3    =      changes  of  air  that  must  have  taken 


place. 

The  heat  loss  per  hour  in  Physics  building  through  the 
walls  and  glass  equals  1.2  x  29.2  x  17283  =  605608  B.t.u.  The 
amount  used  according  to  test  equal  to  1045370  B.t.u.     A  difference 
of  439762  B.t.u.     The  amount  of  heat  required  to  produce  one 
change  of  air  equals  iii-^^-?--^!-—    =  451016  B.t.u.  437156 
B.t.u.  divided  by  45101f .     - .974  almost  1  change.     A  window  in 
the  Physics  building  was  never  seen  open  during  any  of  these 
tests,  since  this  was  the  case  the  amount  of  leakage  through 
window  frames,  walls  etc.,  can  be  determined.    By  various  author- 
ities this  leakage  is  generally  assumed  to  be  from  1  to  2  changes 
depending  on  construction  of  building.  Oood  construction  is  allowed 
1  change  which  compares  very  closely  with  that  calculated  in 
test  No.  1  and  2  of  Physics  building 

STEAM  CONDENSED  PER  SQUARE  FOOT  HEATING  SURFACE 

The  values  shown  in  the  table  represents  the  actual  amount 
of  steam  condensed  per  square  fcot  of  radiation  but  that  proportion 
condensed  by  considering  all  the  heating  surface  in  building  as 
radiating  heat.     The  heating  surface  shown  does  not  include  any 
piping,  therefore  it  should  be  consdered  that  part  of  the  steam 
is  condensed  by  the  piping.    As  to  the  amount,  it  is  indeterminate. 
But  as  a  comparison  of  test  it  would  be  approximately  correct, 
as  shown  before,  to  consdier  the  amount  of  radiation  including 
piping  etc.,  as  about  equal  to  each  other.     The  heat  given  off 
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"by  one  square  foot  of  radiating  surface  as  shown  in  table  is 
calculated  on  the  above  basis, 

AMOUNT  OF  RADIATING  SURFACE  IN  USE  DURING  THE  TEST. 

The  amount  cannot  be  accurately  shown  because  there  is 
no  data  snowing  the  amount  of  radiation  on  during  the  test,  which 
could  not  be  determined  on  account  of  the  automatic  regulation  in 
Physics  building  and  due  to  air  bounding  of  radiators  in  Engin- 
eering building.    The  only  method  for  calculating  approx.  the  amount 
of  radiation  on  during  the  test,  is  by  the  use  of  the  amount  of 
heat  transmitted  by  one  square  foot  of  surface  per  hour  per  degree 
difference  in  temperature  of  steam  in  radiator  and  the  temperature 
in  room.    This  value  has  been  determined  by  tests.        Table  on 
page        shows  the  results  of  a  number  of  tests  made  by  the  Ex- 
periment Station  of  the  University  of  Illinois  on  cast  iron 
radiators  some  of  which  were  made  on  the  radiators  in  the  Engin- 
eering building.     The  average  result  of  these  tests  is  1.58 
B.t.u.,the  value  which  will  be  used  in  determining  the  amount 
of  equivelent  radiation  in  each  building.    This  equals  to  the 
total  B.t.u.  consumed  per  hour  divided  by  1,58  times  the  differ- 
ence in  temperature  in  building  and  the  temperature  of  steam  in 
radiator.     This  result  should  be  called  the  equivelant  of  cast 
iron  radiation  because  the  piping  radiates  a  great  deal  of  the 
heat.     In  the  table,  results  show  that  the  equivelent  radiation 
in  the  Engineering  building  is  more  than  the  number  of  square 
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feet  actually  in  the  building,  this  is  due  to  the  excessive  amount 
of  wrought  iron  pipe  radiators  which  radiate  as  much  as  2  B.t.u. 
per  hour  per  difference  in  temperature  at  times  instead  of  1.58 
B.t.u.,  the  value  used  in  figuring. 

AMOUNT  OP  COAL  AND  COST  REQUIRED  FOR  OPERATION  OP  THE  HEATING 
SYSTEM 

The  number  of  B.t.u,  required  per  hour  per  degree  dif- 
ference in  temperature  of  outside  air  and  inside  air  varies  in 
each  building  in  each  test.    In  order  to  get  the  amount  of  coal 
it  is  necessary  to  reduce  the  B.t.u.  used  per  hour,  to  pounds  of 
coal,  this  is  calculated  by  allowing  for  the  coal  a  colorific 
value  of  11300  B.t.u.  per  pound  and  allowing  55  per  cent  of  it 
utalized  in  the  form  of  steam.     Therefore  the  number  of  pounds 
of  coal  required  per  hour  per  degree  difference  of  outside  and 
inside  air  equals  to  the  number  of  B.t.u.  consumed  by  the  build- 
ing per  hour  per  degree  difference  in  outside  and  inside  tempera- 
ture divided  by  11300  x  55  per  cent. 

In  test  No.  1  and  2  of  the  Engineering  building  the 
number  of  pounds  of  coal  required  equals  17.25  pounds  and  11.43 
pounds  respectively.  These  values  cannot  possibly  correspond  with 
each  other  very  closely  under  ordinary  conditions  because  of 
the  chances  of  losing  heat  through  opened  windows  etc      are  so 
great.    But  in  the  Physics  building  when  this  does  not  occur 
then,  when  only  the  direct  radiation  is  on,  the  amount  of  coal 
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utilized  per  hour  should  be  about  the  same.     In  the  tests  No .  1 
and  2  this  amount  was  5.76  pounds  and  5.56  pounds  per  hour  which 
corresponds  very  closely. 

According  to  test  No.  3,  where  the  fan  coils  were  in 
operation  all  the  time  it  requires  11.2  pounds  per  hour  per  degree 
difference  outside  and  inside  air. 

According  to  test  No.  4  where  the  fan  was  on  one  hour, 
the  amount  of  coal  utilized  was  7.75  pounds  per  hour  per  degree 
difference  in  temperature  of  inside  and  outside  air.    This  test 
was  made  under  ordinary  conditions  when  the  fan  was  run  one  hour 
to  supply  ventilation  to  the  lecture  rooms. 

Should  it  ever  be  necessary  to  calculate  the  cost  of 
operating  the  heating  system  during  a  season,  the  cost  of  coal, 
the  cost  of  maintainance,  fireing  of  boiler  etc.,  and  the  average 
temperature  of  outside  air  during  the  season  must  be  known. 
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